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ABSTRACT

A transducer system comprises a first frequency steered
transducer array element and a second frequency steered

transducer array element that is spaced apart from the first
frequency steered transducer array element. The system
additionally includes a processing element in communica
tion with the first and second frequency steered transducer
array elements. The processing element is configured to
receive a first receive electronic signal from the first fre
quency steered sonar array element, receive a second receive
electronic signal from the second frequency steered array
sonar element, compare a difference in amplitude between
the first receive electronic signal and the second receive
electronic signal to determine a cross -track position of an
underwater target, and control a display to present an
indication of the cross- track position of the underwater
target.
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FREQUENCY STEERED SONAR ARRAY
SYSTEM WITH THREE - DIMENSIONAL

FUNCTIONALITY
RELATED APPLICATION

[0001 ] The presentapplication claims the benefit under 35

U.S.C. § 119 (e ) of U.S. Provisional Application Ser. No.
62 /804,006 , entitled “ FREQUENCY STEERED SONAR
ARRAY

SYSTEM

WITH

THREE -DIMENSIONAL

FUNCTIONALITY,” filed on Feb. 11, 2019 , which is herein

incorporated by reference in its entirety .
BACKGROUND

[0002 ] Traditional recreational scanning sonar systems are
often incapable of generating real- time sonar imagery. For
example , sidescan sonar systems generate useful imagery
only when attached to a moving boat. Existing frequency
steered systems, which can provide real-time imagery, pro
vide only two-dimensional images corresponding to a two
dimensional plane.
BRIEF DESCRIPTION OF THE DRAWINGS

[0003 ] The detailed description is described with refer
ence to the accompanying figures. The use of the same
reference numbers in different instances in the description
and the figures may indicate similar or identical items.
[0004 ] FIG . 1 is a front perspective view of a marine sonar
display device constructed in accordance with various
embodiments of the present technology ;
[0005] FIG . 2 is a schematic block diagram of at least a
portion of the components of the marine sonar display
device also illustrating that the marine sonar display device
interfaces with a frequency steered sonar element;
[0006 ] FIG . 3 is a side view of a marine vessel utilizing the
marine sonar display device and the frequency steered sonar
element, with the sonar element configured to transmit a first
sonar wedge into the water in a forward direction and a
second sonar wedge in a downward direction ;
[ 0007 ] FIG . 4 is a front view of the marine vessel utilizing
the marine sonar display device and the frequency steered
sonar element, with the sonar element configured to transmit
a first sonar wedge into the water in a port direction and a
second sonar wedge in a starboard direction;
[0008 ] FIG . 5 is a schematic block diagram of at least a
portion of the components of electronic circuitry thatmay be

utilized with the marine sonar display device to process
signals from the frequency steered sonar element;
[0009] FIG . 6 is a screen capture taken from the display of
the marine sonar display device presenting a forward -pro
jecting near real time sonar wedge image and a downward
projecting near real time sonar wedge image ;
[0010 ] FIGS. 7A and 7B are screen captures taken from
the display of the marine sonar display device presenting
near real time sonar wedge images in a first window and a
historical sonar image in a second window with the histori
cal sonar image of FIG . 7A scrolling left to create the
historical sonar image of FIG . 7B ;
[0011 ] FIG . 8 is a screen capture taken from the display of

the marine sonar display device presenting a forward -pro
jecting near real time sonar wedge image, a spaced apart
downward -projecting near real time sonar wedge image, and
a historical sonar image positioned therebetween ;

[0012 ] FIGS. 9A and 9B are screen captures taken from

the display of the marine sonar display device presenting a
forward -projecting near real time sonar wedge image and a
downward -projecting near real time sonar wedge image,

wherein there is a false artifact present in FIG . 9A which is
removed in FIG . 9B ; and
[0013 ] FIGS . 10A and 10B are screen captures taken from
the display of the marine sonar display device presenting a
forward - projecting near real time sonar wedge image and a
downward -projecting near real time sonar wedge image ,
wherein the images of FIG . 10A are not edge filtered , while
the images of FIG . 10B are edge filtered .

[0014 ] FIG . 11 is a diagram illustrating a field -of-view for

an example sonar transducer assembly configured in accord
[0015 ] FIG . 12 is a perspective view of an example sonar
transducer assembly, wherein the frequency steered trans
ducer elements of the assembly are arranged end - to -end .
[0016 ] FIG . 13 is a schematic view of an example sonar
transducer assembly, wherein the frequency steered trans

with various embodiments of the present invention .

ducer elements of the assembly are arranged in a fan -shaped
[0017] FIG . 14A is a diagram illustrating an exemplary
field -of-view for the sonar transducer assembly of FIG . 12 .
[0018 ] FIG . 14B is a diagram illustrating an exemplary

configuration .

field -of- view for the sonar transducer assembly of FIG . 13 .
[0019 ] FIG . 15 is a perspective view of another example
sonar transducer assembly including a plurality of frequency
steered transducer elements .

[0020 ] FIG . 16 is a cross section of a housing of the
example sonar transducer assembly of FIG . 13 .
[0021 ] FIG . 17 is a perspective view of the housing of
FIG . 16 .
[0022 ] FIG . 18 is a perspective view of another example
sonar transducer assembly .
[0023 ] FIG . 19 is a diagram of the example sonar trans
ducer assembly of FIG . 18 .
[0024 ] FIG . 20 is a diagram of another example sonar
transducer assembly including downward -facing scanning
transducer elements, sidescan transducer elements, a conical
transducer element, and a frequency steered transducer
element.
[0025 ] FIG . 21A is a diagram of another example sonar
transducer assembly including a conical transducer element
and a frequency - steered transducer element.
[0026 ] FIG . 21B is a diagram of another example sonar
transducer assembly including a conical transducer element
and a frequency -steered transducer element.
[0027 ] FIG . 21C is a diagram of another example sonar
transducer assembly including a conical transducer element
and a plurality of frequency -steered transducer elements.
[0028 ] FIG . 21D is a diagram of another example sonar
transducer assembly including a conical transducer element
and a frequency -steered transducer element.
[0029 ] FIG . 21E is a diagram of another example sonar
transducer assembly including a conical transducer element
and a plurality of frequency - steered transducer elements .
[0030 ] FIG . 21F is a diagram of another example sonar
transducer assembly including scanning transducer elements
arranged in a sidescan configuration and a frequency -steered
transducer element.
[0031] FIG . 21G is a diagram of another example sonar
transducer assembly including scanning transducer elements
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arranged in a sidescan configuration and a plurality of
frequency -steered transducer elements .
[0032 ] FIG . 21H is a diagram of another example sonar
transducer assembly including a scanning transducer ele
ment arranged in a downward -facing configuration and a
frequency - steered transducer element.
[0033 ] FIG . 211 is a diagram of another example sonar
transducer assembly including a scanning transducer ele
ment arranged in a downward -facing configuration and a
frequency -steered transducer element.
[ 0034 ] FIG . 21J is a diagram of another example sonar
transducer assembly including a scanning transducer ele

ment arranged in a downward-facing configuration and a
plurality of frequency -steered transducer elements .

[0035 ] FIG . 21K is a diagram of another example sonar
transducer assembly including two sets of frequency -steered
transducer elements .
[0036 ] FIG . 21L is a diagram of another example sonar
transducer assembly including downward -facing scanning
transducer elements, sidescan transducer elements , a conical
transducer element, and a frequency steered transducer
element.
[0037 ] FIG . 22 is an example chart illustrating amplitude
comparison monopulse (ACM ) functionality utilized by
various embodiments of the present invention .
[0038 ] FIG . 23 is a diagram of an example frequency
steered transducer array configuration suitable for use with
amplitude comparison monopulse (ACM ) functionality .
[0039 ] FIG . 24 is a diagram of an example frequency
steered transducer array configuration suitable for use with
phase comparison monopulse (PCM ) functionality .
[0040 ] FIG . 25 is a diagram of an example coaxial fre
quency - steered transducer array configuration suitable for

use with amplitude comparison monopulse ( ACM ) function
[0041] FIG . 26 is an example screen capture showing

ality .

exemplary three -dimensional sonar images generated by
embodiments of the present invention .
[ 0042 ] FIG . 27 is a diagram of a sonar transducer system
having a fan -shaped configured with two sets of frequency
steered array elements.
[0043 ] FIG . 28 is a block diagram of an exemplary sonar
transducer system .
[ 0044 ] The drawing figures do not limit the present tech
nology to the specific embodiments disclosed and described
herein . The drawings are not necessarily to scale , emphasis
instead being placed upon clearly illustrating the principles
of the technology .

DETAILED DESCRIPTION

[0045 ] The following detailed description of the technol
ogy references the accompanying drawings that illustrate

specific embodiments in which the technology can be prac

ticed . The embodiments are intended to describe aspects of

the technology in sufficient detail to enable those skilled in

the art to practice the technology . Other embodiments can be
utilized and changes can be made without departing from the

scope of the present technology . The following detailed
description is , therefore , not to be taken in a limiting sense .
The scope of the present technology is defined only by the
appended claims, along with the full scope of equivalents to
which such claims are entitled .
[0046 ] In this description , references to “ one embodi

ment” , “ an embodiment" , or " embodiments ” mean that the

feature or features being referred to are included in at least
one embodiment of the technology . Separate references to
" one embodiment” , “ an embodiment" , or " embodiments” in

this description do not necessarily refer to the same embodi

ment and are also not mutually exclusive unless so stated

and /or except as will be readily apparent to those skilled in
the art from the description . For example , a feature , struc
ture , act , etc. described in one embodiment may also be
included in other embodiments, but is not necessarily

included . Thus, the present technology can include a variety
of combinations and /or integrations of the embodiments
described herein .

10047] Conventional frequency -steered array systems,
such as those disclosed in U.S. Pat . No. 8,811,120 , which is
incorporated herein by specific reference, require a stacked
array configuration , where each of the system transducers
arrays are stacked in an “ X -configuration.” Such configu
rations may be unsuitable for mounting to the underside of
a boat, given its very wide and multi- faceted drag cross
section . Additionally such systems are configured for only
generating 2D images corresponding to a 2D imaging plane.
Objects, such as underwater targets , may move in and out of
the 2D imaging plane , causing annoyance to users of such
systems.

[0048 ] Various techniques are described herein for pro
sonar array systems. Three dimensional sonar is beneficial in
several ways: better awareness of structures and their true
shape; ability to track a target such as a fish or a lurei.e .
turn the transducer with full knowledge of which direction
the target is travelling . The three dimensional techniques
described herein may be utilized in combination with com
puter vision to automatically identify underwater targets to
pan one ormore transducer mounts and/or control a trolling
motor to properly position the sonar. Targets may be tracked
and pursued and records of every cast and retrievalmay be
made automatically to make records of, and/or alert the
fisherman of significant events such as fish pursued lure
and /or fish struck lure. Additionally structure may be iden

viding three -dimensional functionality to frequency steered

tified and tracked to hold position on the structuree.g .,
control the sonar system to continue to insonify the structure

and its surrounding areas despite movement of the system .
Such functionality improves sonar performance for the
fisherman he or she is able to continuously image an
underwater target without manually tinkering with the ori
entation of the trolling motor and/ or sonar transducer.
[0049 ] Embodiments of the present technology may be
utilized in combination with one or more of the following
exemplary systems, features , and /or configurations of a
marine sonar display device which interfaces with a fre
quency steered sonar element. The frequency steered sonar
element may receive a transmit electronic signal from the
marine sonar display device, with the transmit electronic

signal including a plurality of frequency components . The
frequency steered sonar elementmay transmit a correspond

ing array of sonar beams into a body of water , wherein the
array of sonar beams forms a sonar wedge . Each sonar beam

may have a frequency component determined by one of the
frequency components of the transmit electronic signal.
Furthermore , each sonar beam may be transmitted in an
angular direction that varies according to the frequency

component of the sonar beam . When the frequency steered
sonar element receives the reflections of the sonar beams, it
may generate a receive electronic signal. The receive elec
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tronic signal includes a plurality of frequency components,
wherein each frequency component indicates the angular
direction from which the reflections of the sonar beamswere

received .

[0050 ] The marine sonar display device may receive the
receive electronic signal from the frequency steered sonar
element. The marine sonar display device may then calculate
an array of sonar data slices and generate an array of sonar
image slices, wherein each sonar image slice includes sonar
imagery from the reflections of one of the sonar beams. The
marine sonar display device may display the array of sonar
image slices in near real time. The array of sonar image
slices includes a representation of underwater objects and
the water bed that were in the path of the sonar wedge. The
marine sonar display device may simultaneously display a
historical sequence of at least one of the sonar image slices
from the array. The historical sequence may be scrolled on
the display .
[ 0051] Embodiments of the technology will now be
described in more detail with reference to the drawing
figures. Referring initially to FIGS. 1 and 2 , a marine sonar
display device 10 is illustrated which is configured to
display images of underwater objects and the water bed
derived from reflections of sonar beams generated by a
frequency steered sonar element 12. The marine sonar
display device 10 broadly comprises a housing 14 , a display
16 , a user interface 18 , a communication element 20 , a

more differential signals may be communicated to one
transducer element in an array of transducer elements or to
one transducer element in each array of transducer elements .
Certain characteristics of the sonar beam 28 , such as a
frequency or frequency component, may correspond to
similar characteristics of the transmit electronic signal, such
that the sonar beam 28 is generated to include the same
frequency component as a frequency component of the

transmit electronic signal . The frequency steered sonar ele
ment 12 may transmit the sonar beam 28 in an angular
direction with respect to the sonar element 12 which varies
according to the frequency component of the sonar beam 28 .
For example, a first sonar beam 28 with a first frequency
component may be transmitted in a first angular direction ,
while a second sonar beam 28 with a second frequency

component may be transmitted in a second angular direc
[0054] During operation, the frequency steered sonar ele

tion , and so forth .

ment 12 may receive a transmit electronic signal ( from a
device , such as the marine sonar display device 10 of the
present technology ) and in turn , may transmit an array of
sonar beams 28. In some implementations, the transmit

electronic signal may include a sequence of spaced -apart
in - timepulses, wherein each pulse is an oscillating electrical
voltage or electrical current that includes one of a plurality
of frequency components . For example , the transmit elec
tronic signal may include a sequence of four pulses, each
including a different frequency component. In other imple

location determining element 22 , a memory element 24 , and
a processing element 26 .
[0052 ] The frequency steered sonar element 12, as illus
trated in FIGS. 3 and 4 ,may include one ormore transducer
elements or an array of transducer elements. Exemplary

mentations, the transmit electronic signal may include at
least one broadband pulse that includes a plurality of fre
quency components. As an example, the broadband pulse
may include four frequency components.

response to an electronic signal applied to the material. In a
typical implementation , an oscillating voltage may be
applied to the piezoelectric material resulting in thematerial
enerating a mechanical oscillation at the same frequency
the oscillation of the voltage . In addition , the piezoelectric
material may generate an oscillating electric voltage in
response to oscillating acoustic waves applying pressure to
the material which changes the dimension along one ormore
axes. In some implementations, the frequency steered sonar

mit electronic signal and , in turn , the sonar beams 28 are
chosen such that the generated sonar beams 28 are adjacent
to one another and the spacing between the angular direc
tions of the sonar beams 28 ranges from less than 1 degree
to approximately 5 degrees. For example , the frequencies
may be chosen such that the frequency steered sonar element
12 transmits a first sonar beam 28 with a first frequency
component in an angular direction of 0 degrees, a second
sonar beam 28 with a second frequency component in an
angular direction of 4 degrees, a third sonar beam 28 with a
third frequency component in an angular direction of 8
degrees, and so forth . In other instances , the sonar beams 28
may overlap one another with little spacing between center
lines of the main lobes of each beam . Furthermore , it is
noted that the listed angular directions are relative and do not

transducer elements may be formed from piezoelectricmate
rials, like ceramics such as lead zirconate titanate (PZT ) or
polymers such as polyvinylidene difluoride (PVDF ), which
may change its dimension along one or more axes in

element 12 may include one or more individual transducer
elements, wherein the faces of each transducer element are
not necessarily aligned with the faces of other transducer
elements. In other implementations, the frequency steered
sonar element 12 may include one or more ansducer arrays,
wherein each transducer array includes a plurality of lin
early -aligned transducer elements . The transducer arrays

may be oriented in line with one another, parallel to one
another , transverse to one another, or at any non -zero angle .
[ 0053] The frequency steered sonar element 12 may trans
mit a sonar beam 28 into a body of water in response to
receiving a transmit electronic signal. The transmit elec
tronic signal may include one or more single- ended elec

tronic signals or one ormore differential electronic signals .
The type of electronic signal received by the frequency
steered sonar element 12 may depend upon its components
and architecture. For example , one or more single- ended
electronic signals may be communicated to one or more
individual transducer elements, while each half of one or

[0055 ] Typically, the frequency components of the trans

represent the absolute angular directions at which the sonar

beams 28 would be transmitted into the water. The relation

ship between the frequency of the sonar beam 28 and the
angular direction at which the sonar beam 28 is transmitted
may vary according to the construction of the frequency
steered sonar element 12 , the components used , the dimen
sions of the components , the properties of thematerials used
for the components , and the like. An example of a transducer
array that may embody, or be included in , the frequency
steered sonar element 12 is disclosed in U.S. Pat. No.
RE45,379 , which is hereby incorporated by reference into
the current document.

[0056 ] The process of the frequency steered sonar element
12 receiving the transmit electronic signal and transmitting
a corresponding array of sonar beams 28 may be known as
a " sweep ” , a “ frequency sweep ” , a “ sonar beam sweep ” , etc.
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When a sweep occurs and an array of sonar beams 28 are
transmitted in adjacent angular directions, a sonar wedge 30
may be formed which includes the volume in the water
covered by the adjacent sonar beams 28. FIGS. 3 and 4 show
examples of the frequency steered sonar element 12 in
operation . FIG . 3 illustrates the frequency steered sonar
element 12 transmitting a first sonar wedge 30A in the
forward direction and a second sonar wedge 30B in the
downward direction , each sonar wedge 30 being formed by
an exemplary array of four sonar beams 28 , each transmitted
with a different frequency component. The dashed lines in

FIGS. 3 and 4 indicate the virtual boundaries of each sonar

beam 28. FIG . 4 illustrates the frequency steered sonar
element 12 transmitting a first sonar wedge 30C in the left
or port direction and a second sonar wedge 30D in the right
or starboard direction . Likewise as in FIG . 3 , each sonar

wedge 30 in FIG . 4 is formed by one array of four sonar

beams 28 .

[0057 ] The implementations of the frequency steered
element 12 transmits two spaced apart sonar wedges 30 ,
each formed by four sonar beams 28 , are merely exemplary .
The frequency steered sonar element 12 may be capable of
transmitting greater or fewer numbers of sonar wedges 30 ,
each formed by greater or fewer numbers of sonar beams 28 .
In addition , the spacing between each sonar wedge 30 may
vary . Furthermore, the angular size of each sonar wedge 30
may vary . Each sonar wedge 30 of FIGS. 3 and 4 may have
an angular size from approximately 40 to 45 degrees. The
frequency steered sonar element 12 may be capable of
transmitting a single sonar wedge 30 with an angular size of
up to 180 degrees .
[0058 ] The frequency steered sonar element 12 may also
receive reflections of the sonar beam 28 bouncing off objects
in the water and the water bed . In response, the frequency
steered sonar element 12 may generate a receive electronic
signal. The receive electronic signal may include one or
more single -ended electronic signals or one or more differ
ential electronic signals. The type of electronic signal gen
erated by the frequency steered sonar element 12 may
depend upon its components and architecture . For example ,
frequency steered sonar elements 12 with one or more
individual transducer elements may generate one or more
single -ended electronic signals, while frequency steered
sonar elements 12 with one or more arrays of transducer
elements may generate one or more differential signals.
Likewise with the transmit electronic signal and the sonar
beam 28 , certain characteristics of the receive electronic
signal, such as a frequency or frequency component or
sonar element 12 of FIGS. 3 and 4 , wherein the sonar

frequency component data , correspond to similar character
istics of the reflections of the sonar beam 28 , such that the
frequency component of the receive electronic signal is the
same frequency component as the reflections of the sonar
beam 28. Furthermore , the frequency component of the
receive electronic signal is an indication of the angular
direction from which the reflections of the sonar beam 28

were received . For example , the receive electronic signal
may include a first frequency component which indicates
that the reflections of the sonar beam 28 were received from

a first angular direction . The receive electronic signal may
include a second frequency componentwhich indicates that
the reflections of the sonar beam 28 were received from a
second angular direction , and so forth . The receive elec
tronic signal may include multiple occurrences of the same

frequency component ( first, second , third , etc.) separated in
time as the result of reflections of the same sonar beam 28
bouncing off of multiple objects in the water located at
different distances from the frequency steered sonar element
12. If the frequency steered sonar element 12 transmitted a
sonar wedge 30, then the receive electronic signal may
include the same number of frequency components as were
included in the transmit electronic signal which formed the
sonar wedge 30 .
[0059 ] If the frequency steered sonar element 12 transmits
a plurality of sonar wedges 30, such as the wedges 30A , 30B
of FIG . 3 and the wedges 30C , 30D of FIG . 4 , then the sonar
wedges 30 may be transmitted by a plurality of transducer
elements or one or more transducer arrays. The receive
electronic signal generated by the frequency steered sonar
element 12 may include sonar information from all of the
sonar wedges 30. The receive electronic signal may be
communicated to an external destination , such as themarine
sonar display device 10 of the present technology .
[0060 ] Some implementations of the frequency steered
sonar element 12 may also include electrical or electronic
circuitry such as filters, amplifiers, multiplexors , digital to
analog converters (DACs ), analog to digital converters
(ADCs), signal processors , or combinations thereof.
[0061 ] The implementations of the frequency steered
sonar element 12 in FIGS. 3 and 4 show the frequency
steered sonar element 12 being mounted on the bottom of a
hull of a marine vessel. In general, the frequency steered
sonar element 12 may be mounted anywhere on the hull
below the waterline. The frequency steered sonar element 12
may be mounted directly on the hull or may be attached with
brackets, transom and trolling mounts , and the like . In
addition , the frequency steered sonar element 12 may be
reoriented about one , two, or three axes through the use of
a mechanism , such as a motor assembly. As an example , the
frequency steered sonar element 12 may transmit the sonar
wedges 30 in the angular directions of FIG . 3 and then be
reoriented by a mechanism in order to transmit the sonar
wedges 30 with the angular directions of FIG . 4. Further
more , the frequency steered sonar element 12 may be
configured for towing behind the marine vessel or for use
with a remote operated vehicle (ROV ) or autonomous
vehicle associated with the marine vessel.

[0062 ] Turning now to the marine sonar display device 10 ,

the housing 14 , as shown in FIG . 1, generally encloses and
protects the other components from moisture, vibration,
impact, and interference . The housing 14 may include

mounting hardware for removably securing themarine sonar
display device 10 to a surface within the marine vessel or
may be configured to be panel-mounted within the marine
vessel. The housing 14 may be constructed from a suitable
lightweight and impact-resistant material such as, for
example, plastic, nylon , aluminum , or any combination
thereof. The housing 14 may include one or more appropri
ate gaskets or seals to make it substantially waterproof or
resistant. The housing 14 may take any suitable shape or
size , and the particular size , weight and configuration of the
housing 14 may be changed without departing from the
scope of the present technology .
[0063 ] In certain embodiments , the marine sonar display
device 10 may include a plurality of housings 14 if the
various functions of the device 10 are separated . For
example , the display 16 and the user interface 18 may be
retained in a first housing 14 to provide viewing and user
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interaction functionality , while the memory element 24 and

the processing element 26 may reside in a second housing
( not shown in the figures ) to provide signal processing
functionality . Other electronic components, such as the
communication element 20 and the location determining
element 22 may reside in either one or both of the housings.
In addition , somememory and processing capabilities may
be included in both housings. Electronic communication
between the two housings may be achieved through electri

cally conductive cables or wirelessly.
[0064 ] The display 16 , as shown in FIG . 1, may include
video devices of the following types : plasma, light-emitting

diode (LED ), organic LED (OLED ), Light Emitting Poly

mer ( LEP) or Polymer LED (PLED ), liquid crystal display
(LCD ), thin film transistor ( TFT ) LCD , LED side -lit or
back - lit LCD , heads-up displays (HUDs), or the like , or
combinations thereof. The display 16 may possess a square
or a rectangular aspect ratio and may be viewed in either a
landscape or a portrait mode . In various embodiments, the
display 16 may also include a touch screen occupying the
entire screen or a portion thereof so that the display 16
functions as part of the user interface 18. The touch screen
may allow the user to interactwith the marine sonar display
device 10 by physically touching , swiping , or gesturing on
areas of the screen .

[0065 ] The user interface 18 generally allows the user to

utilize inputs and outputs to interact with the marine sonar
display device 10. Inputs may include buttons, pushbuttons ,
knobs, jog dials, shuttle dials , directional pads, multidirec
tional buttons, switches , keypads, keyboards, mice , joy
sticks, microphones, or the like, or combinations thereof.
Outputs may include audio speakers, lights , dials,meters, or
the like, or combinations thereof. With the user interface 18 ,
the user may be able to control the features and operation of
the display 16 and the marine sonar display device 10. For
example , the user may be able to zoom in and out on the
display 16 using either virtual onscreen buttons or actual
pushbuttons. In addition , the user may be able to pan the
image on the display 16 either by touching and swiping the

screen
of the display 16 orby using multidirectional buttons
or dials .

[0066 ] The communication element 20 generally allows
communication with external systems or devices . The com
munication element 20 may include signal or data transmit
ting and receiving circuits , such as antennas, amplifiers ,
filters, mixers, oscillators , digital signal processors (DSPs ),
and the like. The communication element 20 may establish
communication wirelessly by utilizing radio frequency (RF )
signals and /or data that comply with communication stan
dards such as cellular 2G , 3G , or 4G , Institute of Electrical
and Electronics Engineers (IEEE ) 802.11 standard such as
WiFi, IEEE 802.16 standard such as WiMAX , BluetoothTM ,
or combinations thereof. In addition , the communication
element 20 may utilize communication standards such as

ANT, ANT +, BluetoothTM low energy (BLE ), the industrial,
scientific , and medical (ISM ) band at 2.4 gigahertz (GHz),
or the like . Alternatively , or in addition , the communication
element 20 may establish communication through connec

tors or couplers that receive metal conductor wires or cables
or optical fiber cables . The communication element 20 may
be in communication with the processing element 26 and the
memory element 24.
[0067 ] The location determining element 22 generally
determines a current geolocation of the marine sonar display

device 10 andmay receive and process radio frequency (RF )
signals from a global navigation satellite system (GNSS )
such as the global positioning system (GPS ) primarily used
in the United States, the GLONASS system primarily used
in the Soviet Union , or the Galileo system primarily used in
Europe . The location determining element 22 may accom
pany or include an antenna to assist in receiving the satellite
signals . The antenna may be a patch antenna, a linear
antenna , or any other type of antenna that can be used with
location or navigation devices. The location determining
element 22 may include satellite navigation receivers, pro
cessors, controllers, other computing devices, or combina

tions thereof, and memory. The location determining ele

ment 22 may process a signal, referred to herein as a
“ location signal” , from one or more satellites that includes
data from which geographic information such as the current
geolocation is derived . The current geolocation may include
coordinates, such as the latitude and longitude , of the current
location of the marine sonar display device 10. The location
determining element 22 may communicate the current geo
location to the processing element 26 , the memory element
24 , or both .

[0068 ] Although embodiments of the location determining
element 22 may include a satellite navigation receiver, it will

be appreciated that other location -determining technology
may be used . For example, cellular towers or any custom
ized transmitting radio frequency towers can be used instead

of satellites may be used to determine the location of the
marine sonar display device 10 by receiving data from at
least three transmitting locations and then performing basic
triangulation calculations to determine the relative position

of the device with respect to the transmitting locations. With
such a configuration , any standard geometric triangulation

algorithm can be used to determine the location of the
marine sonar display device 10. The location determining
element 22 may also include or be coupled with a pedom

eter, accelerometer , compass , or other dead -reckoning com

ponents which allow it to determine the location of the

marine sonar display device 10. The location determining
element 22 may determine the current geographic location

through a communications network , such as by using
Assisted GPS (A -GPS), or from another electronic device.
The location determining element 22 may even receive
location data directly from a user.
[0069] The memory element 24 may include electronic
hardware data storage components such as read -only
memory (ROM ), programmable ROM , erasable program
mable ROM , random - access memory (RAM ) such as static

RAM (SRAM ) or dynamic RAM (DRAM ), cache memory,
hard disks, floppy disks, optical disks, flash memory, thumb
drives, universal serial bus (USB ) drives, or the like, or
combinations thereof. In some embodiments, the memory
element 24 may be embedded in , or packaged in the same
package as, the processing element 26. The memory element
24 may include, or may constitute , a “ computer- readable
medium ” . The memory element 24 may store the instruc
tions, code, code segments , software , firmware, programs,

applications, apps, services, daemons, or the like that are

executed by the processing element 26. The memory ele
ment 24 may also store settings, data , documents, sound
files , photographs, movies , images, databases, and the like .
[0070 ] The processing element 26 may include electronic
hardware components such as processors, microprocessors
(single -core and multi- core ), microcontrollers , digital signal
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processors (DSPs), field -programmable gate arrays (FP
GAs), analog and /or digital application - specific integrated
circuits (ASICs), or the like, or combinations thereof. The
processing element 26 may generally execute, process, or

run instructions, code , code segments , software , firmware ,
programs, applications , apps, processes, services, daemons,
or the like . The processing element 26 may also include
hardware components such as finite - state machines, sequen
tial and combinational logic , and other electronic circuits

that can perform the functions necessary for the operation of
the current invention . The processing element 26 may be in

communication with the other electronic components
through serial or parallel links that include universal busses ,
address busses, data busses, control lines , and the like .
[0071] In some embodiments, the processing element 26
may further include the electronic circuitry of FIG . 5. In
other embodiments, the processing element 26 may be in
communication with the electronic circuitry of FIG . 5. The
electronic circuitry may include an optional analog multi
plexer (MUX ) 32, an amplifier 34, a low pass filter 36 , an
analog to digital converter (ADC ) 38 , and a processor 40 .
The analog MUX 32 may include generally known elec

tronic circuitry, such as a plurality of transistor-based
switches , that provide a signal selection function . The ana
log MUX 32 typically has a plurality of select control lines ,
a plurality of analog signal inputs , and one output. The
analog MUX 32 allows one of the inputs to pass through to
the output. When utilized with the current technology , the
analog MUX 32 has the receive electronic signals as inputs.
Based on the state of the select control lines, the analog

MUX 32 presents one of the receive electronic signals at the
output. When the analog MUX 32 is not included , the
receive electronic signal is communicated directly to the
amplifier 34 .
[0072 ] The amplifier 34 may include small signal ampli
fier circuits as are generally known. The amplifier 34 may
amplify the receive electronic signal communicated from the
analog MUX 32 , if included . Otherwise , the amplifier 34
may amplify the receive electronic signal as received from
the frequency steered sonar element 12. The amplifier 34
may have fixed gain or variable gain . The amplifier 34 may
have a frequency response that filters the received electronic
signal. The frequency response of amplifier 34 may be low

pass, high pass, band pass, or all pass in behavior.
[0073 ] The low pass filter 36 may include filtering cir
cuitry which passes frequencies of a signal lower than a
certain cutoff frequency and filters frequencies greater than
the cutoff , as is generally known. The low pass filter 36 may
function as an anti -aliasing filter. Thus, the cutoff frequency
may be chosen to be approximately twice the maximum
frequency component of the receive electronic signal. The
low pass filter 36 may filter the receive electronic signal
communicated from the amplifier 34 .
[0074 ] The ADC 38 may include generally known cir
cuitry capable of or configured to sample an analog signal
and generate digital data which corresponds to the sampled
analog values . The ADC 38 may convert the receive elec
tronic signal communicated from the low pass filter 36 into

other components of FIG . 5 may perform the signal pro
cessing of the receive electronic signals discussed below in
addition to , or instead of, the processing element 26 .
[0076 ] By utilizing hardware, software , firmware, or com
binations thereof, the processing element 26 may perform
the following functions. The processing element 26 may
operate the frequency steered sonar element 12 in order to
receive signals and/or data that can be converted into sonar
images . In order for the frequency steered sonar element 12
to perform a sweep , the processing element 26 may generate
a transmit electronic signal. As discussed above, the transmit
electronic signal may include one or more single -ended
electronic signals or one or more differential electronic
signals . The processing element 26 may be preprogrammed
with the parameters of the signal, such as frequency, etc., or
may determine the parameters based on the performance

specifications of the frequency steered sonar element 12. In

some embodiments, the processing element 26 may generate
the transmit electronic signal as a sequence of spaced-apart
in - time pulses, wherein each pulse is an oscillating electrical
voltage or electrical current that includes one of a plurality
of frequency components . Thus, the processing element 26
may generate a first pulse including a first frequency com
ponent, wait for a period of time, generate a second pulse
including a second frequency component, wait for the period
of time, generate a third pulse including a third frequency
component, and so forth . For example , using the preceding
method , the processing element 26 may generate the trans
mit electronic signal as a sequence of four pulses, each
including a different frequency component. In other embodi
ments , the processing element 26 may generate the transmit
electronic signal as at least one broadband pulse that
includes a plurality of frequency components. As an
example , the processing element 26 may generate the broad
band pulse to include four frequency components. The
number of frequency components to include in the transmit
electronic signal may be determined based on the specifi
cations of the frequency steered sonar element 12 , the

construction of the display 16 , user selected settings, or the
like.

[0077] With the exemplary frequency steered sonar ele
ment 12 of FIGS. 3 and 4 , the processing element 26 may
generate the transmit electronic signal, with either a
sequence of four single frequency component pulses or a

broadband pulse that includes four frequency components,

which will cause the frequency steered sonar element 12 to
transmit the sonar beams 28 in the appropriate angular
directions, so that after all of the sonar beams 28 have been
transmitted , at least one sonar wedge 30 is formed . Depend
ing on the implementation of the frequency steered sonar
element 12, the processing element 26 may adjust charac
teristics or features of the transmit electronic signal, such as
generating a plurality of differential electronic signals with
the relative phase delay between the signals being adjusted ,
in order to determine the number of sonar wedges 30 that are
transmitted and the general direction in which each is

digital data that may be presented in a serial or parallel

transmitted .

stream .

[0078 ] The processing element 26 may communicate the
electronic signal to the frequency steered sonar element 12 .
The transmit electronic signalmay present or include analog
signals , digital signals , digital data , or combinations thereof.
Under normal operation, the processing element 26 may

[0075 ] The processor 40 may include DSPs, FPGAs,
ASICs, or the like . In various embodiments, the processor 40
may be the same component as , or integrated with , the
processing element 26. The processor 40 along with the
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repeatedly or continuously generate and communicate the

transmit electronic signal so as to ultimately produce sonar
images in motion.

[0079] The processing element 26 may receive a receive

electronic signal from the frequency steered sonar element
12 as the sonar element 12 receives reflections of the sonar

beams 28. As discussed above, the receive electronic signal
may include one or more single -ended electronic signals or
one or more differential electronic signals . The receive
electronic signal may include a steady stream of data or
activity as the result of receiving reflections of the sonar
beams 28 from various angular directions. Furthermore, as
discussed above, the receive electronic signal may include a
plurality of frequency components , each of which may be
associated with one of the sonar beams 28 and may indicate
the angular direction from which reflections of the sonar
beam 28 were received . Typically, the frequency compo
nents of the receive electronic signal are the same as the
frequency components of the transmit electronic signal. The
processing element 26 may analyze the receive electronic
signal and determine the frequency components thereof. As
an example, the processing element 26 may repeatedly
perform frequency domain transforms, such as a fast Fourier
transform (FFT), to determine the frequency components of
the receive electronic signal. The processing element 26 may
calculate an array of sonar data slices, each sonar data slice
including sonar data that is calculated from one of the

frequency components of the receive electronic signal. For
example , each sonar data slice may include characteristics
such as an amplitude and a delay, among others, of a
particular frequency component of the receive electronic

signal. Each sonar data slice includes sonar data for one
sonar beam 28 of one sonarwedge 30 , and the array of sonar
data slices includes all of the sonar data for one sonar wedge
30. The processing element 26 generally performs the sonar
data slice calculations on a repeated or continuous basis.

[0080 ] If two sonar wedges 30 are generated , as shown in
FIGS. 3 and 4 , then the processing element 26 may perform
different operations depending on the implementation of the
frequency steered sonar element 12. Some implementations

of the frequency steered sonar element 12 may generate the
receive electronic signal upon which the processing element
26 may perform beam forming mathematical calculations ,
including a complex FFT, among others , in order to deter
mine a first array of sonar data slices, corresponding to the
first sonar wedge 30A or 30C , and a second array of sonar
data slices, corresponding to the second sonar wedge 30B or
30D .
[0081 ] The processing element 26 may generate an array
of sonar image slices 42 for each sonar wedge 30. Each
sonar image slice 42may be generated from a corresponding
one of the arrays of sonar data slices and may be associated

with the angular direction of the receive electronic signal
from which the sonar data slice was calculated . Each sonar
image slice 42 may include the sonar imagery for a region
of the water associated with the sonar beam 28 at the

corresponding angular direction . The entire array of sonar
image slices 42 may include the sonar imagery for all of one
sonar wedge 30 .
[0082 ] During normal operation , the processing element
26 may repeatedly or continuously generate the transmit

electronic signal to sweep the sonar beam 28. In turn , the
processing element 26 may repeatedly calculate the array of
sonar data slices. And, the processing element 26 may

repeatedly generate the array of sonar image slices 42 , one
for each array of sonar data slices . In addition , the process
ing element 26 may control the display 16 to repeatedly
present the array of sonar image slices 42, which forms a
sonar wedge image 44. Since there is little delay between the
processing element 26 generating the transmit electronic
signal and the processing element 26 generating the result
ing , associated sonar wedge image 44 , the sonar wedge
images 44 may be considered “ near real time” . Furthermore ,
the processing element 26 may control the display 16 to

present one near real time sonar wedge image 44 for each
sonar wedge 30 that is transmitted by the frequency steered
sonar element 12. An example is shown in FIG . 6 , wherein
the display 16 may present a first near real time sonar wedge
image 44 for a first sonar wedge 30 transmitted in the
forward direction ofthemarine vessel and a second near real
time sonar wedge image 44 for a second sonar wedge 30
transmitted in the downward direction . (In FIG . 6 , one of the
sonar image slices 42 for the first near real time sonar wedge
image 44 is illustrated in dashed lines. The dashed lines may
not normally be presented on the display 16.)

[0083 ] The processing element 26 may additionally con

trol the display 16 to present indicia 46 to depict the marine
vessel. The indicia 46 may be positioned with regard to the
near real time sonar wedge images 44 to properly portray the
relationship between the marine vessel and the sonar wedges
30. The processing element 26 may further control the
display 16 to present a circular grid 48 to depict the ranges
of distance in the water from the frequency steered sonar
element 12. Alternatively or additionally , the processing
element 26 may further control the display 16 to present a
rectangular grid .
[0084 ] The processing element 26 may store in the

memory element 24 a plurality of arrays of sonar data slices.
In various embodiments, the processing element 26 may
store the sonar data slice arrays for a certain period of
time_say , 30 seconds, 1 minute , 2 minutes, etc. Alterna
tively or additionally, the processing element 26 may store
the sonar data slice arrays for a certain number of frames to
be presented on the display 16 .

[0085 ] The processing element 26 may generate a histori
cal sonar image 50 formed from the previously generated
sonar image slices 42 derived from one ormore sonar beams
28. In various embodiments , the processing element 26 may
retrieve previously stored sonar data slices in order to
generate the historical sonar image 50. The processing
element 26 may further control the display 16 to present the

historical sonar image 50. In exemplary embodiments
shown in FIGS. 7A and 7B , the processing element 26 may
present one historical sonar image 50 on a portion of the
display 16. In some embodiments, the processing element 26
may crop a portion of one or more of the near real time sonar
wedge images 44 and present them in a first window 52 or
frame, while presenting the historical sonar image 50 in a
second window 54. In other embodiments, the processing
element 26 may not crop the near real time sonar wedge
images 44. Alternatively , the processing element 26 may
present only the historical sonar image 50 in the first window
52 and may not present any of the near real time sonar wedge
images 44. As shown in FIGS. 7A and 7B , one sonar image
slice 42 ( representing the reflections from one sonar beam
28 ) has been selected from the downward directed near real
time sonar wedge image 44 for which the historical sonar
image 50 is generated . Typically , the sonar image slice 42,
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for which the historical sonar image 50 is generated , is
highlighted on the display 16 such as with a different color
or an outline . A user may select the sonar image slice 42
using the user interface 18 , or the processing element 26
may automatically select the sonar image slice 42 based on
various signal and /or system parameters , such as merit ,
sensitivity, signal to noise , orientation , beamwidth , combi
nations thereof, and the like . In addition, more than one
adjacent sonar image slice 42 may be selected for which the
historical sonar image 50 is generated . The sonar image
slices 42 may , for example , be averaged , weighted averaged ,
summed , or the like when they used to generate the histori
cal sonar image 50 .

[0086 ] When the processing element 26 is controlling the
display 16 to present the historical sonar image 50, themost
recently generated sonar image slice 42 may be presented in
a fixed or constant location in the second window 54. Those
sonar image slices 42 that were previously generated may
scroll in the second window away from the most recently
generated sonar image slice 42 with the oldest sonar image
slice 42 being farthest away from the most recently gener
ated sonar image slice 42. In the embodiment of FIGS. 7A
and 7B , the sonar image slices 42 scroll from right to left in
the second window . In FIG . 7A , the sonar image slices 42
for, say, the previous 15 seconds, or the last 50 feet that the
marine vessel has traveled , are shown on the display 16 ,
while in FIG . 7B , the sonar image slices 42 for, say , the
previous 30 , or the last 100 feet that the marine vessel has
traveled , seconds are shown, with those sonar image slices
42 from FIG . 7A having scrolled to the left.
[0087 ] The processing element 26 may further control the
display 16 to present one ormore near real time sonar wedge
images 44 and one ormore historical sonar images 50 in the
same window . When a plurality of near real time sonar
wedge images 44 is presented , the user may select which
near real time sonar wedge image 44 and which sonar image
slice (s ) 42 are utilized to generate the historical sonar image
50.Alternatively, the processing element 26 may select these
parameters. In the exemplary embodiment of FIG . 8 , a first
near real time sonar wedge image 44 projecting in the
forward direction and a second near real time sonar wedge
image 44 projecting in the downward direction , similar to
those of FIG . 6 , are presented . ( The inner boundaries of the
near real time sonar wedge images 44 are shown on the
display 16 in dashed lines. The boundaries are shown here
for illustrative purposes and may not necessarily be shown
during normal operation of the marine sonar display device
10.) In the embodiment of FIG . 8 , the processing element 26
may control the display 16 to present the history of one or
more sonar image slices 42 selected from the forward
projecting near real time sonar wedge image 44. The history
may be presented as described above, with the most recently
generated sonar image slice 42 being presented in a fixed

location and the previously generated sonar image slices 42
scrolling away. In other embodiments , the processing ele

ment 26 may select a vertical column of the sonar image, as
it is shown on the display 16 , to fill the gap between the two
near real time sonar wedge images 44. Thus , the processing
element 26 may select a portion of multiple sonar image
slices 42 for filling the gap . In the exemplary embodiment of
FIG . 8 , the most recently generated sonar image slice 42 is
presented adjacent to the forward projecting near real time
sonar wedge image 44 and the previously generated sonar
image slices 42 scroll toward the downward projecting near

real time sonar wedge image 44. Thus , the historical sonar

images may fill the gap between the two near real time sonar
wedge images 44 and may give the appearance of having a
single near real time sonar wedge image 44 that covers a
greater volume in the water than just the two separated near
real time sonar wedge images 44. In addition , the processing
element 26 may control the display 16 to present the marine
vessel indicia 46 and overlay the near real time sonar wedge

images 44 and the historical sonar image 50 on the circular
grid 48.
[0088 ] The processing element 26 may also track the
course of the marine vessel through data provided from the

location determining element 22, or additionally or alterna
tively from information from a steering or helm system of
the marine vessel, data from accelerometers or inertial

sensors associated with the frequency steered sonar element
12 , or other devices or systems utilized with the marine
vessel. When the processing element 26 determines a change
in course or heading of the marine vessel , or receives
information that a course change has occurred , the process
ing element 26 may control the display 16 to remove at least
a portion of the historical sonar image 50 , such as the
historical sonar images 50 of FIG . 7A , 7B , or 8 , so that at
least part of the space on the display 16 is at least tempo
rarily blank . The processing element 26 may resume con
trolling the display 16 to present the historical sonar image
50 when a new course has been determined .

[0089 ] The processing element 26 may analyze the sonar
data slices of any of the near real time sonar wedge images
44 that are being presented on the display 16 to determine
whether false or undesirable artifacts, or ghost images , are
included in the near real time sonar wedge images 44. In

certain embodiments, this feature may be a menu option that
the user can select to clear up the images on the display 16 .
The false artifacts may be the result of reflections from
downward -projecting sonar beams 28 being interpreted as
reflections from forward -projecting sonar beams 28. The
false artifacts may also be the result of crosstalk events, such
as electrical non -isolation electrical interference, sampling
mismatch when the analog receive electronic signals are
converted to digital data , among other causes. An example
of a false artifact being present in the near real time sonar
wedge image 44 is shown in the forward -projecting near real
time sonar wedge image 44 of FIG . 9A . The processing
element 26 may perform data subtraction , crosstalk removal
algorithms, or the like , or combinations thereof on one or
more of the sonar data slices each time the false artifact is
present to remove the false artifact from the near real time
sonar wedge image 44. An example in the near real time
sonar wedge image 44 after the false artifact is removed is
shown in FIG . 9B .

[0090 ] The processing element 26 may also perform vari
may provide image enhancement by adjusting frequency
properties of the sonar data , such as by adjusting the data of

ous signal processing functions. The processing element 26

the sonar data slices . Examples of the image enhancement

processing may include fading by frequency, variable noise
thresholdsby frequency, variable gain by frequency (includ

ing time variable gain ( TVG ), dynamic /automatic gain ),
color palette differences by frequency band (highlighting
features, highlighting recognized objects such as fish , lure ,
structure ), combinations thereof, and the like. Such func
tionality may provide a more normalized near real time
sonar wedge image 44. The processing element 26 may also
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provide multi - frame averaging to smooth the near real time
sonar wedge images 44. For example, frame depth , or frame
count to be averaged , may be based on the motion of the
marine vessel or the frequency steered sonar element 12 .
Such functionality may reduce background noise to provide
a more clear near real time sonar wedge image 44. Addi
tionally or alternatively, the processing element 26 may
adjust some characteristic of each sonar image slice 42, such
as intensities , colors, etc. of the objects in the slice 42 , by
weighted averaging the characteristics of the sonar image
slice 42 with the characteristics of the neighboring sonar
image slices 42. The processing element 26 may further
provide edge filtering to enable greater image contrast and
improve object identification . An example of the processing
element 26 performing edge filtering on near real time sonar
wedge images 44 is shown in FIGS. 10A and 10B . Forward
projecting and downward -projecting near real time sonar
wedge images 44 under normal conditions without edge
filtering are shown in FIG . 10A . The same forward -project
ing and downward -projecting near real time sonar wedge
images 44 with edge filtering activated are shown in FIG .
10B .

[0091 ] The processing element 26 may further determine
the side of the marine vessel on which an object in the water

is located when the frequency steered sonar element 12 is in
a forward direction and /or downward direction configura
tion . That is , the processing element 26 may determine
whether an underwater object is in the port side of the water

or the starboard side of the wat with respect to the marine

vessel. The determination may be made by analyzing the
signal strength , such as amplitude , intensity , energy level,
etc., of the receive electronic signals . The signal strength of
the reflections of the sonar beams 28 may vary according to
the wobble or roll in the water of the frequency steered sonar
element 12. The wobble of the frequency steered sonar
element 12 may be the result of natural water and /or marine

vessel motion or may be artificially induced by mechanical
devices. The wobble motion and / or direction may be
detected by electromechanical components, such as accel
erometers and inertial sensors, that are in communication
with the processing element 26. The direction of roll of the
frequency steered sonar element 12 may be correlated with
the signal strength of the receive electronic signals to
determine whether an underwater object is in the port side of

the water or the starboard side of the water. In some

embodiments, once the side of each detected underwater
object is determined , the processing element 26 may gen
erate port sonar image slices which include underwater
objects determined to be on the port side and starboard sonar
image slices which include underwater objects determined
to be on the starboard side . The processing element 26 may
also control the display 16 to present the port sonar image
slices in a first window and the starboard image objects in a
second window . In other embodiments, once the side of each
detected underwater object is determined , the processing
element 26 may assign a color to each object when the object

is presented on the display 16. For example , the processing
element 26 may assign a first color, such as blue , to port
underwater objects , while the processing element 26 may
assign a second color, such as red , to starboard objects . The
processing element 26 may then control the display 16 to

present one or more near real time sonar wedge images 44,
wherein the underwater objects are colored as previously

mentioned according to whether they are located in the port
side of the water or the starboard side of the water.
[0092 ] The marine sonar display device 10 may operate as
follows. The marine sonar display device 10 may be elec
trically connected to the frequency steered sonar element 12
by at least one multiconductor cable through which the
marine sonar display device 10 may send the transmit
electronic signals to the frequency steered sonar element 12
and receive the receive electronic signals therefrom . After
the marine sonar display device 10 has been turned on and
completed a self check sequence, it may automatically begin
transmitting the transmit electronic signal to the frequency
steered sonar element 12. The transmit electronic signal may

include a plurality of frequency components either as a
single broadband pulse or as a sequence of single frequency
component pulses. The transmit electronic signal typically

includes the appropriate number of frequency components
necessary for the frequency steered sonar element 12 to
transmit a sonar wedge 30. The processing element 26 may
repeatedly or continuously generate the transmit electronic
signal and the signal may repeatedly or continuously be
transmitted to the frequency steered sonar element 12 .
[0093 ] The frequency steered sonar element 12 may
repeatedly or continuously sweep the sonar beam 28 , as
described above , and may repeatedly or continuously gen
erate a receive electronic signal which is received by the
marine sonar display device 10. The receive electronic

signal may include approximately the same number of
frequency components as the transmit electronic signal.
Each frequency component of the receive electronic signal
may indicate the direction from which reflections of one of
the sonar beams 28 were received . The processing element
26 may calculate an array of sonar data slices for each sonar
wedge 30 that was transmitted into the water, wherein each
sonar data slice is calculated from data ( such as phase,
amplitude , and delay ) from one of the frequency compo
nents of the receive electronic signal. The processing ele
ment 26 may further generate an array of sonar image slices
42 for each array of sonar data slices, wherein each sonar
image slice 42 is generated from one or more of the sonar
data slices. One array of sonar image slices 42 forms one
sonar wedge image 44. The calculation of sonar data slices
and the generation of sonar image slices 42 and in turn sonar

wedge images 44 are performed repeatedly and without
much delay from the generation of the corresponding trans

mit electronic signals so that the sonar wedge images 44 are
near real time sonar wedge images 44. The near real time
sonar wedge images 44 may be presented on the display 16 ,
as shown in FIG . 6 , wherein a forward -projecting near real
time sonar wedge image 44 and a downward -projecting near

real time sonar wedge image 44 are presented .
[0094 ] The marine sonar display device 10 may include a
menu that is presented on the display 16 and allows the user
to select any of the abilities, operating modes, or options
discussed above and below . The menu may be accessed
through the user interface 18 by utilizing touchscreen func

tions or hardware components such as buttons or knobs
located on the housing 14 .
[0095 ] The marine sonar display device 10 may be oper
able to present historical sonar images 50 on the display 16 .
As shown in FIGS . 7A and 7B , the marine sonar display
device 10 may present one or more near real time sonar

wedge images 44 in a first window 52 and , in a second
window 54 , one historical sonar image 50 derived from one
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of the near real time sonar wedge images 44. The historical
sonar image 50 includes previously -generated sonar image
slices 42 from one of the near real time sonar wedge images
44. The sonar image slice 42 may be selected by the user or
by the processing element 26. The previously -generated
sonar image slices 42 (in the historical sonar image 50 )may
scroll to the left on the display 16 , as shown in the figures ,
wherein the sonar image slices 42 on the right of the second
window in FIG . 7A have scrolled to the left in the second
window of FIG . 7B .

[0096 ] The marine sonar display device 10 may be oper
able to present historical sonar images 50 on the display 16
in the same window as the near real time sonar wedge
images 44. When the marine sonar display device 10 is
presenting two near real time sonar wedge images 44 , such

as the forward -projecting near real time sonar wedge image

44 and the downward -projection near real time sonar wedge

image 44 with a space therebetween , the marine sonar
display device 10 may fill the space with a historical sonar
image 50 derived from the forward -projecting near real time
sonar wedge image 44, as shown in FIG . 8 .
[0097] The marine sonar display device 10 may be oper
able to remove false artifacts that are included in of the one
near real time sonar wedge images 44. An example of this
ability is shown in FIGS. 9A and 9B , wherein a false artifact,
possibly resulting from reflections of the water bottom , is
present in the forward -projecting near real time sonar wedge
image 44 of FIG . 9A . The false artifact is removed in the
forward -projecting near real time sonar wedge image 44 of
FIG . 9B .
[0098 ] The marine sonar display device 10 may be oper
able to perform edge filtering on the sonar data slices used
to generate the near real time sonar wedge images 44. The
edge filtering may clean up some of the clutter shown in the
near real time sonar wedge images 44. An example of the
near real time sonar wedge images 44 with edge filtering off
is shown in FIG . 10A . An example of the near real time
sonar wedge images 44 with edge filtering on is shown in
FIG . 10B .

[0099 ] Referring now to FIGS. 11-17 , various example
transducer assemblies are provided . Specifically referring to
FIGS. 12-13, a frequency steered array assembly 58 is

illustrated having a first frequency steered array element

12a , a second frequency steered array element 12b , and a
third frequency steered array element 12c . Each of the
elements 12a , 126 , 12c may be configured as described

above with respect to frequency steered sonar element 12 .
For example, each of the elements 12a , 125 , 12c may
comprise a plurality of piezoelectric elements as described

above .

[0100 ] FIG . 13 illustrates an example fan -shaped configu

ration of the elements 12a , 126, 12c . Each of the elements

12a , 12b , 12c may be configured as described above with
respect to frequency steered sonar element 12. Each element
12a, 126 , 12c is configured to receive a transmit electronic

signal , including a plurality of frequency components, and to

transmit an array of sonar beams into a body ofwater. Each
sonar beam is transmitted in an angular direction that varies
according to one of the frequency components of the trans
mit electronic signal.

[0101] In the example of FIG . 13, end sections 64a, 64b ,

64c of elements 12a , 126, 12c are within an intersection
range 68 of each other. The intersection range 68 is an area
in which at least two of the end sections 64a , 64 , 64c are

positioned such that at least two distal ends 70a , 706, 70c of
elements 12a , 12b , 12c are spaced farther apart from each
other than their corresponding end sections 64a , 64 , 64c .

Thus, in some configurations, to create the fan - shaped
configuration , end sections 64a, 64b , 64c are each placed
within the intersection range 68 so that the end sections 64a,
64b, 64c are more closely spaced together than the distal
ends 70a , 706 , 70c . The intersection range 68 may be any
area which causes the end sections 64a , 640 , 64c to be more
closely spaced together than the distal ends 70a , 706, 70c. In
some examples, the intersection range 68 may comprise an
area up to about 20 % the length of one of the elements 12a ,
12b , or 12c . In other examples, the intersection range 68
may be defined by the projected intersection of the longi
tudinal axis of each of the elements 12a , 126 , 12c, even
when the end sections 64a , 64b , 64c do not directly overlap .
[0102 ] In some configurations, end sections 64a , 640 , 64c
overlap to create the fan -shaped configuration . Thus, for
example , end sections 64a , 64b , 64c may lie in the same
horizontal plane while the longitudinal axis of one or more
of the elements 12a, 126, 12c deviates from that horizontal
plane. For example , the longitudinal axis of at least two of
the frequency steered transducer array elements can be
spaced horizontally apart and rotated vertically at least 15
degrees, at least 20 degrees, or by any amount to achieve a
desired field -of- view as described below . In the example of
FIG . 13 , the longitudinal axis of elements 12a , 126 , 12c are
rotated by approximately 22.5 degrees. End sections 64a ,
64b , 640 comprise up to 30 percent of the length of the
elements 12a , 12b , 12c . In some configurations, end sections
64a , 64b , 64c comprise up to about 15 percent of the length
of the elements 12a , 12b , 12c.

[0103 ] The fan -shaped configuration of FIG . 13 provides
improved laminar flow over conventional stacked x -con
figurations. The elements 12a , 126 , 12c do not " jut out”

ahead of each other so water flow is not disrupted on the face
of any element 12a, 12b , 12c . A hydrodynamic endcap may
be placed on the leading square ends of the elements 12a ,
12b , 12c to further improve flow . Additionally,mechanical
and electrical attachment (and other assembly processes) of
the transducer assembly and its components are greatly
simplified with all elements 12a , 126 , 12c in one plane .

[0104 ] The example configuration of FIG . 13 enables the
generation of a field -of- view 62 like that illustrated in FIG .
11, while providing improved hydrodynamic characteristics
when compared to conventional stacked x -configurations .
Each of the elements 12a, 126 , 12c can be configured to
transmit an array of sonar beams in angular directions that
form a sonar wedge. Those sonar wedges combine to form
field -of-view 62.
[0105 ] FIGS . 14A and 14B illustrate example fields -of
view 62 for the assembly configurations of FIGS . 12 and 13 .
In the illustrated example configurations, a near-continuous
field of view 62 is provided by the array assembly 58
without requiring the stacking of arrays . Because the origin
of the sonar beams are slightly offset array -to -array, it can be
desirable to slightly overlap the wedges and use graphical
techniques (such as blending ) to deal with the borders
between sectors. However , the array elements 12a , 126 , 12c
may be positioned in any configuration to increase or
decrease the amount of overlap of the wedges to generate
any desired field - of- view .

[0106 ] In the example of FIG . 14B , element 12a generates
wedges 30e, element 12b generates wedges 30f, and element
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12c generates wedges 30g . Wedges 30e , 30f, 30g form
field -of-view 62 to generate a desired region of sonar
coverage . In configurations, the sonar wedges 30e, 308, 30g
generated by the elements 12a, 126 , 12c generate a field
of-view 62 of at least 60 degrees, a field -of- view of at least
90 degrees , or any amount to achieve a desired coverage
region . In the example of FIGS. 14A and 14B , the field -of
view 62 is at least 130 degrees. A field -of-view such as 130
degrees, or even generally exceeding 90 degrees, can be
desirable in various boat-mounted configurations to provide
forward -looking sonar coverage in addition to coverage
underneath the boat.

[0107 ] In the fan - shaped configuration of FIG . 13 , the end
sections 64a , 64b , 64c overlap while the longitudinal axis of
one or more of the elements 12a , 126 , 12c is vertically
varied ( e.g., 10 degrees, 20 degrees, 22.5 degrees , 30

degrees, etc ) to determine the alignment of the various
wedges 30e, 308, 30g . However, any number of elements 12 ,
wedges 3, and vertical alignments may be employed to
create any desired field - of-view 62 .
[0108 ] In other configurations, fewer than three, or more
three , elements 12 may be utilized with a partially - stacked
configuration . If the application calls for a balance between
drag profile and overall product dimensions, compromised
arrangements are possible such as the triangle arrangement
illustrated in FIG . 15 .

[0109 ] Referring to FIG . 16-17 , a housing 60 is illustrated
including the array elements 12a , 126 , 12c . Elements 12a ,
12b , 12c are positioned within housing 60 to enable the
housing 60 to present a shape and configuration suitable for
mounting on the underside of a boat without impacting boat
or sonar performance . That is, the fan arrangement of
elements 12a , 126 , 12c within housing 60 allows the hous
ing 60 to stay in the water while elements 12a , 12 , 12c
continue insonifying and imaging the scene under the boat,

even when the boat is in motion and “ on plane” .
[ 0110] In configurations , housing 60 is triangular shaped
and configured to be affixed to the transom of a boat.
Housing 60 may include housing sections 66a (labeled
GARMINTM ), 666 , 66c . Housing sections 660 , 66 , 66c
respectively house elements 12a , 126, 12c. Housing sections
66a , 66b, and 66c are sized to the dimensions of elements
12a , 126 , 12c to minimize lensing and other undesirable
beam distortions that may be created by excessive plastic
and housing materials in front of the transmitting face of
each element 12a , 126 , 12c . Housing sections 66a , 66b , and
66c additionally enable housing 60 to present a streamlined
configuration , where the width of housing 60 is minimized
while presenting a laminar configuration . Housing 60 may
include various mounting apertures and connecting elements
to allow the housing 60 to beaffixed to the transom of a boat.
In such transom -mounted configurations, housing sections
66a, 66b , and 66c and the resulting low -drag configuration
allow assembly 58 to remain in the water while the boat
maneuvers even at speed — without creating undesirable
drag or interference. That is, in various configurations ,
housing 60 and sections 66a , 666 , 66c enables assembly 58
toHousing
be utilized
at speeds exceeding 10 mph , or even 40 mph .
60 may additionally or alternatively be configured
formounting to a trolling motor, for mounting to a pole, for
mounting through a boat's hull, for towfish mounting, for
mounting to a remotely - operated vehicle (ROV ), combina
tions thereof, and the like.

[0111 ] Referring now to FIGS. 18 through 21, in various
described abovemay be integrated into housing 60 with one
embodiments, one or more of the elements 12a , 126 , 120

or more additional transducer elements . For example, ele
ments 12a , 12b , and/or 12c may be integrated within hous
ing 60 with one or more conical (e.g., “ puck ” ) transducer
elements 90 , one or more scanning ( e.g., “bar” ) transducer
elements 92 , combinations thereof, and the like.

[0112 ] Conical transducer element 90 and scanning trans
ducer element 92 generally transmit ultrasonic signals into
the body of water. Elements 90 , 92 may be formed from
ceramic materials that exhibit piezoelectric transducing
properties, such as barium titanate, lead titanate , lead zir
conate titanate , lithium niobate , lithium tantalate , bismuth
ferrite, sodium niobate , and the like, or combinations
thereof. The elements 90, 92 may vibrate in response to a
periodic or oscillating transmit electrical signal applied to it.
The transmit electrical signal may be applied by amplifier
circuits, electronic oscillator circuits, multivibrator circuits,
signal generators , and the like, or combinations thereof. The
vibrations of the elements 90, 92 produce the ultrasonic
signal having a frequency dictated by the transmit signal and
the physical characteristics and dimensions ofthe respective
elements 90 , 92 .

[0113 ] The conical transducer element 90 may be formed
in a circular or puck shape , with the element 90 having a
circular or semi-circular face with a diameter greater than its
depth . However, conical transducer element 90 may present
any physical or electrical configuration that generates a
suitable beam for conical sonar as described below . In
configurations , the one or more conical transducer elements
90 may be configured for “ CHIRP” functionality and/or
operate in one or more modes of operation .
[0114 ] The scanning transducer element 92 may be formed
in a rectangular bar shape, typically with a greater length
dimension than width and height dimensions. Thus, the
scanning transducer element 92 may have two primary faces
on opposing sides with the greatest surface area, as com
pared with the other faces. In configurations, the primary
faces may have an elongated rectangular shape . However,
scanning transducer element 92 may present any physical or
electrical configuration that generates a suitable beam for
scanning sonar as described below . In configurations, the
one or more scanning transducer elements 92 may be
configured as sidescan 96 and /or downward -facing scanning
elements 94 .

[0115 ] The pattern of the ultrasonic signal generated by
the elements 90 , 92 depends largely on the shape of the
primary faces of the elements 90 , 92. For example, scanning
transducer element 92 may generate an ultrasonic signal
with a fan shape , wherein the aspect ratio of the base of the

fan shape corresponds to the aspect ratio of one of the
primary faces of the transmit element 12. Conical transducer
element 90 may generate an ultrasonic signal with a roughly
conical shape .

[0116 ] The ultrasonic signal generated by the elements 90 ,
92 may be directional in nature. Typically , the ultrasonic
signal is generated in a direction that is normal to the surface
of one of the primary faces of the respective elements 90 , 92 .
In some embodiments, each element 90 , 92 may include a
single crystal that generates the ultrasonic signal. However,
each element 90 , 92 may additionally or alternatively be
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configured as an array comprising a plurality of crystals to

generate the desired beam patters for scanning and conical

sonar.

[0117] Additionally, in some configurations, other trans

ducer elements may be incorporated into housing 60 in
addition to frequency -steered elements 12a , 126 , 12c . For
example, phased array transducer elements , such as a
Garmin Panoptix® transducer , may be incorporated into
housing 60 in addition to , or as an alternative to , the one or
more conical transducer elements 90 and scanning trans
ducer elements 92. Such a configuration enables embodi
ments of the present invention to be deployed by a user in
a convenient package and to combine the benefits of fre
quency -steered elements 12a , 126 , 12c with other sonar
configurations .
[0118 ] FIG . 18 and FIG . 19 illustrate an example configu
ration including frequency - steered element 12a , conical
transducer element 90 , and scanning transducer elements 92
arranged in a sidescan configuration 96 to transmit fan
shaped sonar beams into the body of water. In this example ,
the longitudinal axis of the frequency steered transducer
array element 12a is tilted with respect to the longitudinal
axis of the conical transducer element 90. Such a configu
ration enables the conical transducer element 90 to project
beams downward from the housing 60 while the frequency
steered transducer element 12 projects beams downwards
and towards the front ( fore ) of the housing 60.
[0119 ] Referring to FIG . 19 and FIG . 20, the housing 60
is presented with a streamlined configuration where its
length is greater than its width . The housing 60 includes a
fore section 78a and an aft section 78b . The conical trans
ducer element 90 is positioned within the fore section 78a
and the frequency steered transducer array element 12a is
positioned within the aft section 786. Scanning transducer
elements 92 may span both sections 78a , 786 or be entirely
contained in either of the sections.
[0120 ] Referring to FIG . 20 , an example configuration is
illustrated including frequency - steered element 12a , conical
transducer element 90 , two scanning transducer elements 92
arranged in a sidescan configuration 96 to transmit fan
shaped sonar beams into the body of water, and another
scanning transducer element 92 arranged in a downward
facing configuration 94. In this example, the longitudinal
axis of the frequency steered transducer array element 12a

is tilted with respect to the longitudinal axis of the conical
positioned on each side of frequency steered transducer

transducer element 90. Sidescan transducer elements 96 are

array element 12a while downward -facing transducer ele
ment 94 is positioned inline with frequency -steered element
12a . Such a configuration allowsdevice 10 to provide a wide

variety of sonar technology in single housing 60 without
requiring the user to install multiple housings and systems
on his or her vessel .

[0121 ] Referring to FIG . 21A , an example configuration is

illustrated showing conical transducer element 90 and fre

quency -steered element 12a arranged inline in housing 60 ,
where the frequency steered transducer array element 12a
and the conical transducer element 90 are arranged in the
same plane within the housing to project sonar beams in the
same direction . Such a configuration enables the housing 60
to present compact dimensions while still providing a vari
ety of sonar technology to the user.
[0122] Referring to FIG . 21B , an example configuration is
illustrated showing conical transducer element 90 and fre

quency - steered element 12a arranged in housing 60 ,
wherein the longitudinal axis of the frequency steered ele
ment 12a is tilted with respect to the longitudinal axis of the
conical transducer element 90. Such a configuration enables
element 12a to transmit beams generally forward and down

ward .

[0123 ] Referring to FIG . 21C , an example configuration is
illustrated showing conical transducer element 90 and fre
quency - steered elements 12a , 12b , and 12c arranged in
housing 60. In this example , elements 12a , 12b , and 12c are
configured as described above in relation to FIGS. 1-16 ,
[0124 ] Referring to FIG . 21D , an example configuration is
illustrated showing conical transducer element 90 and fre
quency -steered element 12a arranged in housing 60 , where
element 12a is aligned perpendicular compared to the ori
entation of element 12a of FIG . 21A . Such a configuration
enables the example of FIG . 21D to generate frequency
steered sonarbeams in a different direction than the example
of FIG . 21A .
[0125 ] Referring to FIG . 21E , an example configuration is

illustrated showing conical transducer element 90 and fre
quency -steered elements 12a , 12b , and 12c arranged in
housing 60. In this example , elements 12a , 12b , and 12c are
aligned perpendicular compared to the orientation of ele
ments 12a , 12b , and 12c of example FIG . 210. Such a
configuration enables the example of FIG . 21E to generate
frequency-steered sonar beams in a different direction than
[0126 ] Referring to FIG . 21F , an example configuration is

the example of FIG . 21C .

illustrated showing scanning transducer elements arranged
in a sidescan configuration 96 incorporated into housing 60
along with frequency - steered element 12a . Such a configu
ration enables the housing 60 to present compact dimensions
while still providing a variety of sonar technology to the
user.
[0127] Referring to FIG . 21G , an example configuration is
illustrated showing scanning transducer elements arranged
in a sidescan configuration 96 incorporated into housing 60
along with frequency - steered elements 12a , 12b , and 12c. In
this example, elements 12a, 12b , and 12c are configured as
described above in relation to FIGS. 1-16 , but with an
orientation perpendicular to that illustrated in FIGS. 1-16 .
[0128 ] Referring to FIG . 21H , an example configuration is
illustrated showing a scanning transducer element arranged
in a downward- facing configuration 94 incorporated into
housing 60 along with frequency -steered element 12a . The
longitudinal axis of elements 94 , 12a are parallel in this
example . Such a configuration enables the housing 60 to
present compact dimensions while still providing a variety
of sonar technology to the user . As illustrated in the example
of FIG . 21H , downward -facing element 94 and frequency
steered element 12a may be aligned in a parallel or side- to
side configuration . However, in other embodiments , ele
ments 94 , 12a may be aligned generally end -to -end or
vertically stacked over each other.
[0129 ] Referring to FIG . 211, an example configuration is
illustrated showing a scanning transducer element arranged
in a downward -facing configuration 94 incorporated into

housing 60 along with frequency -steered element 12a . In

this example , the longitudinal axis of element 12a is tilted

with respect to the longitudinal axis of element 94. Such a
configuration enables element 12a to generally transmit
sonar beams forward and downward , while element 94
generally transmits beams downward .
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[0130 ] Referring to FIG . 21 ), an example configuration is
illustrated showing a scanning transducer element arranged
in a downward -facing configuration 94 incorporated into
housing 60 along with frequency -steered element 12a , 12b ,
12c . In this example , elements 12a , 12b , and 12c are
configured as described above with respect to FIGS. 1-16 .
[0131] Referring to FIG . 21K , an example configuration is
illustrated showing a first set of frequency-steered elements
12a , 12b , and 12c and a second set of frequency - steered
elements 12d , 12e, 12f. Elements 12a , 126 , 12c are config
ured as described above with respect to FIGS. 1-16 . The
longitudinal axis of elements 12d , 122 , 12f are configured to
be generally perpendicular to the respective longitudinal
axis of elements 12a , 126 , 12c to allow each set of elements
to insonify different areas of the water. Thus, in the example
of FIG . 21K , the various elements 12a - 12f are capable of

transmitting frequency - steered sonar beams into the water
below , in front of, and to the port and starboard of housing
60 .

[0132 ] Referring to FIG . 21L , an example configuration is
illustrated showing conical transducer element 90 , down
ward -facing scanning transducer element 94 , sidescan trans
ducer elements 96 , and frequency - steered sonar elements
12a , 126 , 12c arranged in housing 60. Such a configuration
enables device 10 to generate a variety of sonar beam types
in areas below , to the front of, and to the sides of housing 60 .

Three -Dimensional Functionality
[0133] In one example configuration , amplitude compari

son monopulse (ACM ) is utilized in combination with two

or more frequency steered sonar array elements to provide
three -dimensional functionality — i.e ., the capability to iden
tify the cross-track position of one or more underwater
targets. As explained in more detail below , by identifying the
cross-track position of one or more underwater targets,

embodiments of the present invention can provide various
functionality to assist a user in identifying the precise
location of targets, to automatically identify targets , and/or
to control the physical position of the sonar system to track
and /or hold position on designated underwater targets.
[0134 ] In various embodiments, transducer system 200
comprises a first frequency steered transducer array element

12a and a second frequency steered transducer array element
12b that is spaced apart from the first frequency steered
transducer array element 12a . The system 200 additionally
includes a processing element 26 in communication with the
first and second frequency steered transducer array elements
12a , 12b . The processing element 26 is configured to receive
a first receive electronic signal from the first frequency
steered sonar array element 12a , receive a second receive
electronic signal from the second frequency steered array
sonar element 12b , compare a difference in amplitude
between the first receive electronic signal and the second
receive electronic signal to determine a cross - track position
of an underwater target, and control display 16 to present an
indication of the cross-track position of the underwater
target.

[0135 ] As shown in the examples of FIGS. 22, 23 , and 25 ,
frequency -steered array elements 12a , 12b can be rotated
with respect to each other (about the axis of the array face
202 ). In the example of FIG . 22 , array faces 202a , 202b of
elements 12a and 12b are rotated about seven degrees from
each other . However, any amount of rotation or spacingmay

be utilized to generate the desired beams, including, for
instance, rotations between about five degrees and twenty
degrees .
[0136 ] Each of the elements 12a, 12b , may be configured
as described above with respect to frequency steered sonar
element 12. For example , each of the elements 12a , 12b may

comprise a plurality of piezoelectric elements as described
above. Transmitting on these arrays 12a , 12b , at the same
time (even with the same transmitter providing the same

transmit electronic signal) yet receiving independently
perspective. The two arrays 12a , 12b scan essentially the
same plane and volume of water — but the degrees of sepa
ration produces amplitude differences in the targets in the
scene . This difference allows for differentiation of position
in the “ cross -track ” dimension — thus 3D scanning. For
instance , by comparing the relative amplitude of the pulse in
the two beams, its position in the beams can be determined
with an accuracy dependent on the signal-to - noise ratio . In
produces twomaps of amplitude in the scene , one from each

implementations, two signals are formed , one being the sum
of the two beams, and the other being the difference of the
two beams. The ratio of these two beams normalizes the
difference signal and allows the direction of arrival of the
signal to be calculated and therefore the cross -track position
of the underwater target. One example ACM graph is
illustrated in FIG . 22 , illustrating exemplary sum and dif
ference beams. As should be appreciated , the cross - track
position of any number of underwater targets may be deter
mined by embodiments of the present invention.

[0137 ] In the example of FIG . 25 , the first and second
transducer array elements 12a , 12b are arranged in a co -axial
configuration such than an array face 202a of the first
transducer array element 12a is rotated with respect to an

array face 202b of the second transducer array element 12b .
In the example of FIG . 23, the first and second transducer
array elements 12a , 12b are arranged in a side -by -side
configuration where array face 202a is rotated with respect
to array face 202b .
[0138 ] One example fan -shaped array configuration is
illustrated in FIG . 27 , including two sets 204 , 206 of
frequency steered array elements. The first set 204 includes
array elements 12a , 126 , 12c . The second set 206 includes
array elements 12d , 12e , 12f. Elements 12a - 12f are config
ured as described above with respect to element 12. How
ever, the elements 12a - 12c of the first set 204 are rotated

with respect to the elements 12d - 12f of the second set 206
to enable the amplitude comparison functionality described
herein. As should be appreciated , embodiments of the pres

ent invention may employ any number of array elements 12
arranged in any configuration, including any of those illus
trated in FIGS. 1-27 .

[0139 ] The cross- track position of the one or more under
water targets may be indicated on the display 16. In one
configuration , the indication of the cross -track position
indicates whether the target is left or right of a pointing axis
208 of the system 200. Pointing axis 208 may generally
correspond to the beamwidth of system 200 such that
underwater targets aligned with the pointing axis 208 are
insonified by system 200. The indication enables the user of
the system 200 , and /or other components of the system such
as the motorized function described below , to identify the
cross-track position of the underwater target(s) with respect
to system 200 and position the system 200 accordingly. For
example , if the underwater target is to the left of the pointing
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axis 208 of system 200 , such that the target is nearing exit
from the beamwidth of the array elements 12a -12b , the user
16 may view the display 16 and adjust the system 200 to
point more to the left, thereby capturing the underwater
target in the center of the system's beamwidth .
[ 0140 ] In some embodiments , coloring is used to identify
left /right position . For example, a first color ( e.g., red ) may
be used to indicate if the target is left of the pointing axis 208
and a second color ( e.g.,blue ) may be used to indicate if the
target is right of the pointing axis 208. Such functionality
allows the user to easily position the system 200 to ensure
that targets remain in view even when the system 200 and /or
target are in motion . Colors can be used by the user to
manually position targets, such as structure or fish , within
the center of the beam , thereby reducing the likelihood that
the target moves out of view . For example , if a fish target
turns red and then out of view , the user has an indication of
which way to turn the transducer system 200 to bring the fish
target back into view . FIG . 26 presents an exemplary display
of colored underwater targets .
(0141] In some configurations, such as the example of
FIG . 24 , phase comparison monopulse (PCM ) may be
utilized in combination with a frequency steered sonar
system 200 to provide three -dimensional functionality
instead of ACM . Such a configuration can be manufactured
by simply dicing ( saw cutting) one array 12 in half along its
length . No rotation of the arrays is necessary in such
embodiments.
[0142 ] In configurations, the user may use the user inter
face 18 to interact with information presented on the display
16 related to the underwater targets . For instance, the user
interface 18 may be configured to enable the user to select
one or more of the underwater targets . In configurations
where the user interface 18 includes a touch screen , the user
may touch one or more of the targets for identification ,
tracking, and alerting as described below . In other embodi
ments buttons, soft keys , voice commands, gestures , and
other inputs may additionally or alternatively be used to
select target(s ) through the user interface 18 .

[ 0143 ] The processing element 26 may be configured to
compare the difference in amplitude between the electronic
signal received from the first array element 12a and the
electronic signal received from the second array element 12b
to determine cross- track positions of a plurality of under
water targets . In configurations including several array ele
ments, such as the example of FIG . 27 including elements
12a - 12f, processing element 26 is configured to compare the
difference in amplitude between the signals received from
the corresponding element pairs — 12a and 120, 12b and 12e ,
and 12c and 12f. As should be appreciated , any number of
array elements and array pairs may be utilized by embodi

ments of the present invention .

[0144 ] The processing element 26 may track the relative
positions of the plurality of underwater targets and control
the display to present an alert when a first one of the
underwater targets approaches a second one of the under
water targets . For example , the processing element 26 may
track a fishing lure that has been selected by the user via user
interface 18 and track other targets (e.g., fish ) and their
proximity to the fishing lure . Should a fish approach near the
fishing lure , such as if the processing element 26 determines
that the targets overlap or come within a range of each other,
the processing element 26 may generate the alert through
display 16 or other components of system 200. For example ,

portions of the display 16 including the lure and nearby fish

may flash or be highlighted to indicate the likelihood of an
upcoming strike. Or, for instance, the processing element 26
may generate audible alerts or data alerts for transmission to
the user's smartphone or wearable device. Additionally the
processing element 26 may determine when a fish has been
caught by detecting proximity of the fish to the lure and
subsequent retrieval of the fish to the surface .

(0145 ] The processing element 26 may be configured to
generate a motor control signal based on the determined
cross-track position of the underwater target. The motor
control signal is usable by a motor 212 , such as a trolling
motor, electric motor, servo , gimbal , etc., to physically
position one or more of the transducer array elements 12a,
12b and /or system 200 to track the underwater target. In
configurations, the motor control signal is a trolling motor
control signal outputby the system 200 , and /or display 16 or
other component associated with processing element 26 , to
control operation of a trollingmotor. The processing element
26 may communicate with the motor 212 utilizing the
communication element 20 described above , such as
through a wired or wireless communication interface like
NMEA , Wi-Fi, Bluetooth , or the like.
[0146 ] The motorized function provided by the motor
control signal may be used to physically control the direc
tion and /or orientation of the sonar system 200 and /or its
elements 12a , 12b . For example , the processing element 26
may automatically control the orientation of the sonar sys
tem 200 to enable the sonar system 200 to provide functions
such as: Track a jig /lure ; Hold the sonar on structure; Track

a fish /bait ball , etc ; 3D 360 panoramic scan and render (e.g.,
scan the surrounding areas all directions); Selectable “ cross
track ” width (i.e. look at narrow beam or wide beam
depending on situation ), etc. In some configurations, motor

212 may be integrated and /or attached to the sonar system
200 to directly position and control the orientation of the
sonar. Thus, motor 212 may include a servo or gimbal
attached to housing 60 to physically position the sonar
elements 12. In other configurations, the motorized control
may be associated with a boat (such as a trolling motor,
outboard motor, docking motor , etc ) which indirectly con
trols the position and orientation of the sonar system 200 by
directly controlling the boat or a motor associated with the
boat.

[0147] Computer vision applications may be utilized to

assist with the display of underwater target information
and / or to facilitate operation of the motorized control. That
is , the processing element 26 may be configured to auto
matically identify the underwater target. For example,
underwater targets present on the display 16 , such as fish ,
structure
, lures, baits, etc,may be automatically identified by
computer vision and/or machine learning algorithms ( con
volutional neural networks, recurrent neural networks , and
the like trained to identify common underwater targets) and
highlighted for display and /or selection by the user . Identi
fied objects may be automatically tracked by the motorized
control to ensure that the object(s) are maintained within the
displayed area of the sonar systeme.g ., automatically
move the sonar system left or right to maintain an object
( e.g., fish , a lure through a retrieve, etc.) within the beam
width of the sonar system so that it does not disappear from
display 16 .
[0148 ] As described above , the 3D functionality provided
by embodiments of the present invention allows the relative
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position of objects within the beamwidth to be indicated
e.g., whether the objects are left or right of the center of the
beam . Such information may be utilized by the motorized
control to track objects as they move left and right relative
to the sonar system 200. Objects may be manually desig
nated by the user for tracking and /or automatically identified
for tracking using computer vision techniques based on one
or more tracking modes set by the user. The motorized
controlmay also include , or be coupled with an autopilot (a
trolling motor autopilot, a main vessel autopilot, etc.) to
position the boat in a desired orientation and / or to control the
position of a boat relative to a detected target - e.g., to hold
over detected structure, to follow underwater structure such
as a weed line , to chase fish , etc.
[0149] In addition to tracking detected objects , the motor
ized control and /or computer vision techniques described
herein may be utilized to record and analyze fishing activity .
Alerts and alarms may be automatically generated when a
fish target nears a detected lure. The reaction of a detected
fish to a detected lure may be automatically categorized by
the system to enable the fisherman to build a database to
assess the efficiency of fishing techniques and lure presen
tations. For instance, the system may record the number of
fish strikes per detected lure type , the proximity (movement)
of fish to a presented lure , the relationship of fish position to
lure position during a retrieve, the number of fish caught for
each lure, etc. Such information may be correlated with
cartographic information , such as lake information , and
weather information to correlate fishing success with lures,
locations, fish types, weather types , and the like. “ Scores ”
may be generated to evaluate the skill of the fisherman with
past fishing attempts and/or historical trends.
[0150 ] The motorized functional and computer vision
techniques may additionally be used to scan and/or search

the water volume surrounding system 200 to first locate
desired fish , bait, and/or structure and then track or hold on

a desired target. For example, the user may select a “ fish
element 26 generates a motor control signal to scan the sonar
system 200 up , left , down, and /or right to collect target
information . Upon identifying that an underwater target is a
fish , the processing element 26 may track the fish by issuing

scan ” option using user interface 16 , after which processing

appropriate motor control signals to ensure that the fish
remains within the beamwidth of system 200 .
[0151 ] The processing element 26 may additionally utilize

the motor control signal to follow a desired depth contour,
to follow a standoff distance from a desired depth , to follow
underwater structure such as a creek channel, contour, weed
line , and/or to orbit or hold a desired distance from such

underwater structures . The processing element 26 may uti
lize the computer vision techniques described above to
identify the underwater structure or other targets for auto
matic following , holding, and /or orbiting . Similarly , the
processing element 26 may generate motor control signals
for collision avoidance purposes, such as where the detected
underwater target presents a risk to the motion of the user's

boat.

[0152 ] In some configurations, the motorized function ,
employing motor 212 such as a sonar gimble and /or the
servo described above, can help mitigate multipath issues in
frequency -steered array stems. Frequency-steered array sys
tems naturally reject multipath signals (i.e. signal of fre
quency X comes back from incorrect angle Y ). This can be
a problem in deep water with waves — because the sonar

system will have rotated before the bottom return . Thus it
rejects the real path signal. A sonar gimbal solves this by
controlling the rotation of the sonar system .
[0153 ] In some configurations, sonar system 200 may
communicate with a radar system 210 to facilitate in the
tracking of underwater objects. For example, the radar
system 210 can track a cast lure by detecting the direction
and/ or distance that the lure landed from the boat. This
information may be provided to the motorized function
associated with the frequency -steered sonar system 200 to
turn the system 200 to observe the casted lure in the water.
The lure may then be tracked and displayed as described
above .
[0154 ] The radar system 210 may utilize suitable radio
techniques to range and track objects , including radio waves
of any frequency or power . In some embodiments, radar
system 210 is a low -power pulsed coherent radar ( PCR )
system adapted to be mounted on a boat and/or integrated
with display 16 to track the casted lure as it moves from boat
towards the surface of the water. The radar system 210 may
provide directional information (bearing and /or distance ) to
the processing element 26 to enable the processing element
26 to generate the motor control signal to physically orient
sonar system 200 ( and/or housing 60) in the direction of the
casted lure. In other embodiments, radar system 210 may
include LIDAR or other distance and bearing -determining
systems.
[0155 ] Although the technology has been described with
reference to the embodiments illustrated in the attached
drawing figures, it is noted that equivalents may be
employed and substitutions made herein without departing
from the scope of the technology as recited in the claims.
[0156 ] Having thus described various embodiments of the
technology , what is claimed as new and desired to be
protected by Letters Patent includes the following :
1. A transducer system comprising:
a first frequency steered transducer array element, the first
frequency steered transducer array element including a
plurality of piezoelectric elements;
a second frequency steered transducer array element,
spaced apart from the first frequency steered transducer
array element, the second frequency steered transducer
array element including a plurality of piezoelectric
elements , wherein each frequency steered transducer
array element is configured to receive a transmit elec
tronic signal including a plurality of frequency com
ponents and to transmit an array of sonar beams into a
body of water, each sonar beam transmitted in an
angular direction that varies according to one of the
frequency components of the transmit electronic signal,
and
a processing element in communication with the first and
second frequency steered transducer array elements ,
the processing element configured to
receive a first receive electronic signal from the first
frequency steered sonar array element,
receive a second receive electronic signal from the
second frequency steered array sonar element,
compare a difference in amplitude between the first
receive electronic signal and the second receive
electronic signal to determine a cross-track position
of an underwater target , and
control a display to present an indication of the cross
track position of the underwater target.
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2. The system of claim 1 , wherein the processing element
is further configured to
create a sum signal by summing the first and second
receive electronic signals,

create a difference signal based on the difference between
the first and second receive electronic signals, and
determine a ratio of the sum signal and the difference
signal, wherein the ratio is utilized to determine the
cross -track position of the underwater target.
3. The system of claim 1, wherein the indication of the
cross-track position of the underwater target indicates
whether the target is left or right of a pointing axis of the
system .
4. The system of claim 3, wherein the underwater target
is colored a first color if left of the pointing axis and colored
a second color if right of the pointing axis.
5. The system of claim 1, further including a user interface

in communication with the processing element, wherein the

user interface enables a user to select the underwater target.

6. The system of claim 5 , wherein the processing element
is further configured to generate a motor control signal based
on the determined cross -track position of the underwater
target , the motor control signal being usable by a motor to
physically position one or more of the transducer array
elements to track the underwater target .
7. The system of claim 1 , wherein the first and second
transducer array elements are arranged in a co -axial con
figuration such than an array face of the first transducer array
element is rotated with respect to an array face of the second
transducer array element.
8. The system of claim 1 , wherein the processing element
is configured to automatically identify the underwater target.
9. The system of claim 1 , wherein the processing system
is configured to
compare the difference in amplitude between the first
receive electronic signal and the second receive elec
tronic signal to determine cross - track positions of a
plurality of underwater targets ,
track the relative positions of the plurality of underwater
targets, and
control the display to present an alert when a first one of
the underwater targets approaches a second one of the
underwater targets .
10. The system of claim 1, wherein the first frequency
steered transducer array element and the second frequency
steered transducer array element are each arranged in a
fan -shaped configuration .
11. A transducer system comprising:
a first frequency steered transducer array element, the first
frequency steered transducer array element including a
plurality of piezoelectric elements ;
a second frequency steered transducer array element,
spaced apart from the first frequency steered transducer
array element, the second frequency steered transducer
array element including a plurality of piezoelectric
elements, wherein each frequency steered transducer
array element is configured to receive a transmit elec
tronic signal including a plurality of frequency com
ponents and to transmit an array of sonar beams into a
body of water, each sonar beam transmitted in an
angular direction that varies according to one of the
frequency components of the transmit electronic signal;
a display ;

a user interface; and

a processing element in communication with the display,
the user interface, the first and second frequency
steered transducer array elements , the processing ele
ment configured to
receive a first receive electronic signal from the first
frequency steered sonar array element,
receive a second receive electronic signal from the
second frequency steered array sonar element,
compare a difference in amplitude between the first
receive electronic signal and the second receive
electronic signal to determine a cross -track position
of an underwater target,
control the display to present an indication of the
cross- track position of the underwater target indicat
ing whether the target is left or right of a pointing
axis of the system ,

receive from the user interface a selection of the

underwater target by a user,
in response to selection of the underwater target by the
user, generate a motor control signal based on the
determined cross -track position of the underwater

target , the motor control signal being usable by a
motor to physically position one or more of the

transducer array elements to track the underwater
12. The system of claim 11 , wherein the processing
element is further configured to
create a sum signal by summing the first and second
receive electronic signals ,
create a difference signal based on the difference between
the first and second receive electronic signals,
determine a ratio of the sum signal and the difference
signal, wherein the ratio is utilized to determine the
cross - track position of the underwater target.
13. The system of claim 11 , wherein the first and second
transducer array elements are arranged in a co -axial con
target.

figuration such than an array face of the first transducer array
element is rotated with respect to an array face of the second
transducer array element.
14. The system of claim 11 , wherein the processing

element is configured to automatically identify the under
the display.

water target and present an indication of the identification on

15. The system of claim 11 , wherein the processing
system is configured to
compare the difference in amplitude between the first
receive electronic signal and the second receive elec
tronic signal to determine cross-track positions of a
plurality of underwater targets ,
track the relative positions of the plurality of underwater
targets, and

control the display to present an alert when a first one of
the underwater targets approaches a second one of the
underwater targets .
16. The system of claim 11 , wherein the first frequency
steered transducer array element and the second frequency

steered transducer array element are each arranged in a

fan -shaped configuration .
17. The system of claim 11 , wherein the motor control

signal is a trolling motor control signal.

